). An emended description of the genus Intrasporangium is also proposed.
The type genus Intrasporangium, belonging to the family Intrasporangiaceae, was proposed in 1967 on the basis of the type species, Intrasporangium calvum, which was isolated from air in a school dining room . At the time of writing, the family Intrasporangiaceae Stackebrandt & Schumann 2000 , 2006 Zhi et al., 2009 ) contained 19 genera with validly published names, the members of which were isolated from air, soil, sludge, sediment and mining waste. All of the genera in the family contain MK-8(H 4 ) as the predominant menaquinone (Stackebrandt & Schumann, 2006) , except for I. calvum, which has MK-8 as its major quinone (Collins et al., 1984; Kalakoutskii, 1989; Kageyama et al., 2007) . The genus Humihabitans (Kageyama et al., 2007) , like Intrasporangium, is also monospecific and was proposed mainly based on the different menaquinone profile from its closest phylogenetic neighbour, Intrasporangium.
Chromium (Cr) is widely used in many industries and large quantities of Cr(VI)-containing wastes pose a great threat to environmental safety and human health. Microorganisms with the ability to reduce highly toxic chromate [Cr(VI)] into less hazardous and insoluble trivalent chromium [Cr(III)] have great potential for Cr(VI) bioremediation (Eccles, 1995) . During the course of an investigation of culturable bacteria from manganese mine soil in Huayuan County (28 u 309 N 109 u 249 E), China's second-largest manganese minerals area, Hunan Province, central-south China, several Cr(VI)-resistant bacteria were isolated that were identified as Acinetobacter (two strains), Bacillus (two strains), Rhodococcus (two strains), Klebsiella (two strains) and Intrasporangium (one strain, named Q5-1 T ; Yang et al., 2009 ) based on 16S rRNA gene sequence analysis. Strain Q5-1 T , which showed both high Cr(VI) resistance and high reduction ability, was chosen for this study due to its potential novel status.
NRRL B-24470
T as reference strains Schumann et al., 1997; Kageyama et al., 2007) . The actinobacteria were cultured on Luria-Bertani medium (LB; 1 % tryptone, 0.5 % yeast extract, 1 % NaCl and 1.5 % agar; pH 8), trypticase soy agar (TSA, pH 8; Bacto), nutrient agar (NA; 0.5 % tryptone, 0.3 % yeast extract and 1.5 % agar; pH 8) and GPM agar plates (1 % Dglucose, 0.5 % peptone, 0.5 % meat extract, 0.3 % NaCl and 1.5 % agar; pH 8) to observe colony morphologies. Growth was tested at 4, 10, 15, 28, 37, 45 and 50 u C using 1/5-strength NA plates (Kageyama et al., 2007) incubated for 7 days. Growth conditions were determined at pH 3-11 and NaCl concentrations of 0, 1, 3, 5 and 7 % (w/v) by incubating strains in shake-flasks at 170 r.p.m. at 37 u C with 1/5-strength nutrient broth for 4 days. Growth under anaerobic conditions was determined by incubating strains in an anaerobic chamber with an O 2 -absorbing and CO 2 -generating agent (Anaero-Pack; Mitsubishi Gas Chemical). Gram staining was performed using the standard Gram reaction combined with the KOH lysis test method (Ryu, 1938) . Morphological observations with and without potassium chromate (K 2 CrO 4 ) in LB medium were carried out using a scanning electron microscope (JSM-6390; JEOL). Cr(VI) reduction tests were performed as described by Yang et al. (2009) . Catalase activity was detected using the standard method employing 3 % (v/v) H 2 O 2 . The ability of the strain to grow on a range of sole carbon sources was determined using carbon utilization media (Pridham & Gottlieb, 1948) , and API 20NE and ID 32GN test kits (bioMérieux). Acid production tests were performed under aerobic conditions (Smibert & Krieg, 1994; Gordon & Mihm, 1957) . Other physiological properties, including enzyme activities, were examined using API 20NE, ID 32GN and API ZYM systems (bioMérieux) according to the manufacturer's instructions, unless otherwise indicated.
The nearly full-length 16S rRNA gene sequence of strain Q5-1 T was amplified by PCR with universal primers Uni-27F and Uni-1492R (Wilson et al., 1990) , and the PCR product was ligated into a pGEM-T vector (Promega). DNA sequencing was performed by the Beijing Genomics Institute (Beijing, China). Sequence similarities were calculated using NCBI alignment and the EzTaxon program (Chun et al., 2007) . Multiple alignments of sequences were carried out using CLUSTAL_X, followed by manual correction (Thompson et al., 1997; Tindall et al., 2010) . Neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971 ) trees were constructed using MEGA4.0 (Tamura et al., 2007) , and a maximum-likelihood tree was generated using the PHYML package (Guindon & Gascuel, 2003) with 1000 replicates in a non-parametric bootstrap analysis, the general time-reversible model of nucleotide substitution and four substitutionrate categories.
Whole-cell hydrolysates were analysed for diaminopimelic acid (A 2 pm) isomers by means of TLC (Hasegawa et al., 1983) . Purified cell walls were obtained by the method of Kawamoto et al. (1981) and peptidoglycan types were analysed according to Schleifer & Kandler (1972) . Menaquinones were extracted and purified by the method of Collins et al. (1977) and analysed via HPLC as described by Tamaoka et al. (1983) . For whole-cell fatty acid analysis, strains were grown in TSB medium at 28 u C until they reached exponential phase and analysed by GC (Hewlett Packard 6890) according to the instructions of the Sherlock Microbial Identification System (MIDI Sherlock version 4.5, MIDI database TSBA40 4.10). Polar lipids were extracted as described by Minnikin et al. (1979) and identified by two-dimensional TLC sprayed with specific reagents (Collins & Jones, 1980) . The G+C content of the genomic DNA was determined by HPLC according to the method of Mesbah et al. (1989) . Levels of DNA-DNA relatedness were determined using the thermal denaturation and renaturation method of Huß et al. (1983) .
Cell morphologies of strain Q5-1 T grown in the presence and absence of chromate are shown in Supplementary  Fig. S1 Supplementary Fig. S1 ).
The 1449 bp 16S rRNA gene sequence of strain Q5-1 T showed similarities of ,96.7 % to the type strains of species in the family Intrasporangiaceae. The two highest similarities were to I. calvum DSM 43043 T (5NRRL B-3866 T ) (96.6 %) and H. oryzae KV-657 T (5NRRL B-24470 T ) (96.4 %). Phylogenetic analyses using the neighbour-joining, maximum-parsimony and maximum-likelihood methods all showed that strain Q5-1 T fell into the same cluster with I. calvum DSM 43043
T and H. oryzae KV-657 T with high bootstrap values (Fig. 1) .
The cell-wall peptidoglycan of strain Q5-1 T was of type A3c and contained LL-A 2 pm, glycine, alanine and glutamic acid. MK-8(H 4 ) was the predominant menaquinone. Major fatty acids (.10 %) were iso-C 14 : 0 (22.5 %), iso-C 15 : 0 (23.9 %), anteiso-C 15 : 0 (10.6 %) and iso-C 16 : 0 (19.7 %). The polar lipids were diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol, phosphatidylglycerol, phosphatidylinositol mannoside and an unknown phospholipid ( Supplementary Fig. S2 , available in IJSEM Online). The DNA G+C content was 71.5 mol% ( 1.4 0.9 (2.7 ) 3.9 (4.8 §) C 16 : 0 1.8 2 (1.2 ) 0.9 10-methyl C 16 : 0 2.4 2 1.8 anteiso-C 17 : 1 v9c
1.4 4.2 0.5 anteiso-C 17 : 0 1.0 1.5 0.7 C 17 : 1 v8c 0.6 1.7 4.6 (6.4 §) *Determined on LB agar and NA plates. DDPG, Diphosphatidylglycerol; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PI, phosphatidylinositol; PIM, phosphatidylinositol mannoside; PL, unknown phospholipid(s). dData from Kalakoutskii (1989) . §Data from Kageyama et al. (2007) . ||Fatty acids that represent ,0.5 % were omitted.
Data from Schumann et al. (1997) .
Results from the polyphasic taxonomic analysis revealed that strain Q5-1 T , I. calvum NRRL B-3866 T and H. oryzae NRRL B-24470 T all formed branching and fragmenting mycelia. They were positive for catalase activity and nitrate reduction, and negative for oxidase activity and H 2 S production. In the API ZYM enzyme assay, they all produced esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase, aglucosidase and naphthol-AS-BI-phosphohydrolase. The cellular fatty acid contents for the three strains consisted predominantly of branched fatty acids, including (.5 % of total fatty acids) iso-C 14 : 0 , iso-C 15 : 0 , anteiso-C 15 : 0 , iso-C 16 : 0 and iso-C 16 : 1 H, but there were differences in the proportions (Table 1) . They all contained LL-A 2 pm in the cell-wall peptidoglycan. MK-8(H 4 ) was the predominant quinone for I. calvum NRRL B-3866 T and for I. calvum DSM 43043 T (W. Li, personal communication), which differed from the original chemotaxonomic characterization of the genus Intrasporangium (MK-8; Collins et al., 1984; Kalakoutskii, 1989; Kageyama et al., 2007) . Based on the fact that the genus Humihabitans (H. oryzae NRRL B-24470 T ) contained the same major menaquinone as Intrasporangium (I. calvum NRRL B-3866 T ) ( Supplementary Fig. S3 , available in IJSEM Online), similar fatty acid and polar lipid profiles (Table 1) , and high 16S rRNA gene sequence similarities [98.7 % using EzTaxon server, 97.6 % using NCBI alignment (Kageyama et al., 2007) ], it may be appropriate to reclassify Humihabitans oryzae in the genus Intrasporangium.
Based on analysis of its distinct phylogenetic position, DNA-DNA relatedness level, chemotaxonomic traits and physiological properties, it is concluded that strain Q5-1 T represents a novel species of the genus Intrasporangium, for which the name Intrasporangium chromatireducens sp. nov. is proposed.
Emended description of the genus Intrasporangium Kalakoutskii et al. 1967 This emended description is based on that given by Schumann et al. (1997) and Stackebrandt & Schumann (2006) , with the following changes. Positive for catalase activity, but negative for oxidase activity and H 2 S production. Esterase (C4), esterase lipase (C8), a-glucosidase, valine arylamidase, cystine arylamidase, leucine arylamidase, naphthol-AS-BI-phosphohydrolase and acid phosphatase are detected. The major menaquinone is MK-8(H 4 ). Isoand anteiso-branched fatty acids predominate, including iso-C 14 : 0 , iso-C 15 : 0 , anteiso-C 15 : 0 and iso-C 16 : 0 . The polar lipids are diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol and phosphatidylinositol mannoside. The DNA G+C content is in the range 68.2-71.5 mol%. The type species is Intrasporangium calvum.
Description of Intrasporangium chromatireducens sp. nov.
Intrasporangium chromatireducens (chro.ma.ti.re.du9cens. N.L. n. chromas -atis chromate; L. part. adj. reducens leading back, bringing back, and, in chemistry, converting to a different oxidation state; N.L. part. adj. chromatireducens reducing chromate). Intrasporangiaceae. Open stars indicate that the corresponding nodes were also found in trees generated with both the maximum-parsimony and maximum-likelihood algorithms; filled stars indicate that the corresponding node was also found in the maximum-likelihood tree. Bootstrap percentages (based on 1000 replications 
